The study investigated 
INTRODUCTION
Increasing demand for teacher professional development and significant advances in information and communication technologies have led to a proliferation of online professional development programs (OPD) in recent years (Dede, 2006; Galley, 2002) . Online courses and workshops have become common in both preservice and inservice teacher education programs, using a variety of technologies to provide learning opportunities for educators that differ from traditional, face-to-face courses and workshops in many ways. First and foremost, online learning can be used to bridge distance and time: Educators can participate via the Internet or other technologies rather than travel to a specific site, and interactions can be asynchronous so that participants do not need to be available at the same time. Online learning can thereby broaden the professional learning opportunities available to educators. In addition to its logistical advantages, OPD can provide expertise and resources to locations where they would not be available otherwise; provide new means to interact with experts and colleagues; enable educators to experience for themselves new forms of teaching and learning; and make participation in coaching, mentoring, and professional learning communities more accessible (Kleiman, 2004) .
Online professional learning can be provided in many forms. For example, distance learning classrooms enable individuals to participate in a class via video conferencing, with the goal of making the online experience as close as possible to an in-class experience. As this approach requires simultaneous participation, it bridges distance but not time. Alternatively, an online course can be conducted completely through asynchronous interactions, so that each participant can work with the course resources and add their own responses and questions to the course discussion at any time. Technologies can range from multipoint video conferencing to one-way transmission of Web-based resources, but they often involve synchronous and/or asynchronous voice and text exchanges among participants and instructors. Another variation is self-paced online courses, in which each participant works through a series of resources and activities at his or her own pace, often with an instructor available to respond to questions and provide feedback about submitted assignments.
To be effective, OPD for teachers must reflect the principles of effective professional development. Research has led to agreement on a number of key principles of successful professional development practices for K-12 educators. Major studies and syntheses by Stigler and Stevenson (1991) , Darling-Hammond and McLaughlin (1995) , Sparks and Hirsch (1997) , Ball and Cohen (1999) , National Foundation for the Improvement of Education (1996) , Borasi and Fonzi (2002) , and others consistently agree that professional development is more effective when it:
Fosters a deepening of subject-matter knowledge, a greater understanding • of learning, and a greater appreciation of students' needs Centers around the critical activities of teaching and learning--planning • lessons, evaluating student work, developing curriculum, improving classroom practices, and increasing student learning--rather than on abstractions and generalities Builds on investigations of practice through cases that involve specific • problems of practice questions, analysis, reflection, and substantial professional discourse Values and cultivates a culture of collegiality, involving knowledge and • experience sharing among educators; and, Is sustained, intensive, and continuously woven into the everyday fabric of • the teaching profession through modeling, coaching, and collaborations.
Although there is general consensus about the key principles of effective teacher professional development, in actual practice, factors such as required expertise, funding, access from rural areas, or opportunities for collaboration may inhibit implementation. OPD can incorporate characteristics associated with effective face-to-face professional development and offers a number of advantages over face-to-face formats. Because Internet access has become nearly universal in The research reported in this article was one of a series of studies conducted to provide a research basis to inform these types of decisions. A prior study by the same research team (Carey, Kleiman, Russell, & Douglas, 2008) compared the learning outcomes from two designs of online workshops for teachers of middle school mathematics. One was a self-paced course that participants completed on their own schedules without interacting with peers and with minimal interaction with instructors. Participants in this condition could complete the 10-session workshop on their own schedules, with the only time constraint being the completion of all the required assignments in a maximum of 10 weeks. The second type of design was a cohort-based course in which participants worked through the material following a structured timeline and frequent interactions with both instructors and peer participants were integral to the design of each session. The interactions were asynchronous and text-based, so that each participant could complete the session assignments and contribute to the discussion whenever it was convenient during the 1-week window for each session. The course goals and content were kept as constant as possible across the two designs. Although we hypothesized that the cohort-based course would have a larger effect on the intended learning outcomes, the study found that both versions of the course were equally effective at creating the desired changes in teachers' pedagogical beliefs, knowledge of teaching mathematics, and instructional practices.
The study presented here sought to replicate and extend this prior unexpected finding by comparing the effects of four variations of an online course, again for middle school mathematics teachers. We designed these variations to enable us to investigate the value of various types of interactions within an online course for adult professional learners, ranging from a highly interactive cohort model facilitated by content and online interaction experts to a fully self-paced course with minimal interactions.
In the sections that follow, we describe the course and levels of interactivity that were varied across the four conditions in the study. We then describe the methodology employed to recruit and assign teachers to groups, as well as the data-collection instruments employed for this study. Finally, we present the findings from the study and explore the implications these findings may have for the design and delivery of online professional development.
Online Course: Building Algebraic Thinking in the Middle Grades
The online course employed for this study was titled Building Algebraic Thinking in the Middle Grades and was based on a book authored by Mark Driscoll titled Fostering Algebraic Thinking (Driscoll, 1999) . The course was developed by mathematics experts at Education Development Center Inc. (EDC) and focused on the algebraic concepts of patterns and functions. We provided four versions of the course to test the impact of different types of interactions. As far as possible, the goals, content, and activities were the same across all four versions.
The primary learning goals of the course were to increase teachers' abilities to (a) understand the mathematics of patterns and functions, (b) recognize and Participants completed the precourse surveys, an orientation to the course, and an orientation to the technology needed for the assignments. Participants were introduced to various definitions of algebraic thinking, including the definition primarily used in this course, and were asked to compare those definitions with their current understanding.
Session 2: Exploring Algebraic Thinking in Patterns--Examining Your Own Thinking Participants focused on their own mathematical thinking when doing pattern problems. These activities served as a starting point when participants examine student thinking in later sessions. To conclude the patterns section of this course, participants turned to developing good questioning techniques that can help students develop algebraic thinking in the context of patterns activities.
Session 5: Conducting Your Student Interview
This session asked participants to explore how to foster students' algebraic thinking habits as they build generalization skills essential to understanding functions. Participants conducted two student interviews to gain insight into their algebraic thinking related to functions. We divided the course activities into eight sessions, preceded by a brief orientation pre-session to familiarize participants with the technology and course expectations. Sessions contained readings, videos, mathematical activities for the teacher participants, and pedagogical activities such as preparing a lesson or interviewing students about their mathematics thinking. Depending upon the version of the course, session requirements also included participation in an asynchronous online discussion or completion of an individual journal entry. Participants were expected to spend about 4 hours per session and to complete a final project. The course content is summarized in Table 1 , and the full course is available at http://www.curriki.org/xwiki/bin/view/Coll_edc1/Building AlgebraicThinkingThroughPatternFunctionandNumber-Professional DevelopmentCourseforMiddleGradeMathTeachers.
ExpERImENTAl CONDITIONS
The four versions of the delivered course varied in the types of supportive interactions available to participants. The course versions contained different configurations of the following three types of supports:
A mathematics education content expert who provided detailed feedback 1.
on assignments, responded to questions about mathematics content and/ or pedagogy, and, in courses that also provided an asynchronous discussion option, contributed both questions to participants and responses to participants' messages in the discussions An online facilitation expert who was trained to encourage and guide 2.
participation in online interactions. The online facilitation expert welcomed participants to the course, sent twice-weekly reminders to participants about assignment and activities, tracked participation, engaged participants in online discussions, and provided technical assistance when the need arose.
Interactions among the peer group of teachers participating in the course 3.
via an asynchronous, text-based discussion board. Participants could view and respond to each other's responses to discussion prompts contained in each session, share ideas, ask each other questions, and respond to questions from their peers.
These three types of supports are referred to in the remainder of this paper as (a) mathematics instructor, (b) online facilitator, and (c) peer interactions. In the four conditions of this study, the availability of each type of support is shown in Table 2 . Each course condition is described in more detail below.
Each session of each version of the course contained preplanned questions. In courses with peer interactions, these questions were used to start online discussions, and the instructor, facilitator, and participants might then post additional related questions according to the flow of the discussion. In the courses without peer interactions, each individual participant responded to the preplanned questions on their own, with no opportunities for follow-up questions. Group 1 received a highly supported course that had both a mathematics instructor and online facilitator, both of whom were active in interacting with course participants, along with peer interactions. Participants were expected to progress through the 8-week sessions together and to engage in weekly interactions with other participants, the instructor, and the facilitator through an online, asynchronous, text-based discussion board. The instructors posed questions each week. Participants responded to the queries, to their colleagues' postings, and to additional questions the instructors posed as they attempted to guide the conversation toward deeper understanding of that week's topic. The online facilitators encouraged participants to use the discussion board as their primary means of communication with other participants and with the mathematics instructors, with a minimum expectation of one initial message and two responses to other messages. Participants, instructors, and facilitators also communicated with each other via e-mail occasionally to submit the three homework assignments, send feedback on the assignments, seek and provide technical support, and provide encouragement. On rare occasions, facilitators and individual participants communicated via telephone. The majority of phone interactions took place at the onset of the course, while participants were registering and completing the orientation tasks before the course began.
Group 2 provided participants with facilitated peer support, which involved an online facilitator and peer interactions without the mathematics instructor. In the absence of an instructor with mathematics education content expertise, the facilitator responded to participants' content questions by directing them to the participant discussion board and to other resources. In this condition, the facilitator also tracked participation and provided technical assistance. Participants were expected to progress through the eight course sessions together and to participate in weekly discussions with their peers. Each week, the facilitator posted a new question on the discussion board and then interacted as needed. She responded to lapses in discussion and to direct questions but, again, did not offer direct content instruction. Participants responded to the initial question, to each other's postings, and to additional queries the facilitator may have posed. Although the initial discussion questions for each session were preplanned and consistent across the conditions, follow-up questions varied according to the flow of the discussion.
Although the majority of the interactions occurred via the asynchronous discussion board, participants submitted homework assignments via e-mail, and the facilitator provided acknowledgement via e-mail to each participant that the assignment had been completed. On rare occasions, facilitators and individual participants communicated by phone. Again, the majority of phone interactions took place at the onset of the course while participants were registering and completing the orientation tasks.
Group 3 provided participants with instructor support only. In this condition, participants had access to both a mathematics instructor and an online facilitator but did not have a means to interact with the other participants. As in Group 1, the instructor with expertise in the teaching of algebra provided feedback on the content of participants' weekly assignments. This instructor also provided direct answers to questions participants had about the content of assigned readings and activities. The online facilitator played a minor role and was responsible for helping participants stay on pace with the course material and addressed technical or administrative questions raised by individual participants. All communications between the participants and the instructors occurred via e-mail and were not shared with other participants. Finally, although participants were encouraged to complete weekly assignments, they were allowed to work through the course material at their own pace.
Group 4 received no support. Participants had access to only an online coordinator who did not take the role of an instructor and was available only to answer technical questions and to provide a cursory review of assignments submitted by participants. There was no access to a discussion board or interactions among participants. When participants asked questions about content, the coordinator would direct them to sections of the assigned reading. Participants were allowed to work through the course at their own pace. When they submitted an assignment, the only feedback they received confirmed that the assignment was received and that it fulfilled the requirement for the course. No other e-mails were initiated by the coordinator except for two messages that reminded participants of the passage of time and, in a few cases, requested that participants complete the data-collection instruments.
Participants who completed the course and the data-collection instruments were awarded either five quarter or three semester hours of graduate course credit or a stipend award of $200.
Participants and Instructors
Participation in the study was limited to middle school teachers who were currently teaching at least one algebra course. Messages inviting teachers to participate in the study were distributed via a variety of listservs. Study participants included 231 teachers who responded to the invitation, were currently teaching pre-algebra or algebra to seventh or eighth grade students, and had a working e-mail address. Teachers were stratified by gender and randomly assigned to one of the four treatment groups, with initial registration in the four conditions ranging from 57 to 59 teachers. We then divided each group into two cohorts, A and B, to have fewer teacher participants per section of the course. The starting cohort groups for each condition ranged from 28 to 30 participants. Three instructors and four facilitators were hired to run the sessions. Instructors were required to be experienced middle school mathematics teachers who also had expertise in providing professional development in mathematics. The facilitators were not required to have a background in mathematics but were required to have experience in online facilitation. To control for the effect that an instructor may have on the learning outcomes of the course, each instructor and facilitator ran two different versions of the course. 
Data-collection Instruments
The study presented here focused on the effect that the four versions of the online course had on the intended outcomes of the course. To collect data about the intended outcomes, six instruments were employed. These instruments included a background survey, a pedagogical beliefs and practices survey, a measure of teachers' understanding of teaching algebraic concepts (referred to as math assessment), a student survey, a teacher log, and a course evaluation. As shown in Table 3 , the background survey, pedagogy survey, teacher log, and the math assessment were administered prior to the start of the course. The pedagogy survey, math assessment, student survey, teacher logs, and course evaluation were administered after the course was completed. We describe each of the instruments briefly below; the complete instruments are available at http:// www.bc.edu/research/intasc/researchprojects/optimizingOPD/OPD.shtml.
Background survey. The background survey was designed to collect demographic information and information about teachers' prior experiences with professional development and technology use. The majority of the items on the background survey were closed-response. In a few instances, participants were requested to type in numeric values that best represented their background.
The pedagogy survey. The pedagogy survey collected information about teachers' pedagogical beliefs and instructional practices. All items were closed-ended and asked teachers to either report the frequency with which they employed specific instructional techniques or to indicate the degree to which they agreed or disagreed with a statement that focused on the value of a given instructional practice. We took the vast majority of items we employed for this survey from two previous studies that focused on the relationships between pedagogical beliefs and practices and the use of instructional technology in the classroom (Becker, 1999; Russell, O'Dwyer, Bebell, & Miranda, 2004) . The specific scales that we formed and the associated reliabilities included in the professional development course. The assessment required teachers to apply their understanding of a concept as they analyzed samples of student work and answered questions about what the student appeared to understand, what the student appeared to struggle with, and the actions the teacher would take to help advance the student's understanding. We administered the assessment twice-once in the first week and once in the final week. The assessment presented teachers with a sample of student work for a given problem related to patterns or functions. It then asked the teacher to respond to a series of questions about the student work. For each sample, teachers were asked to (a) identify the content and process goals measured by the task presented to the student, (b) assess whether the student appears to understand the mathematics required for the problem, (c) determine whether any misconceptions were present in the student work, (d) specify what they would like to know about the student's understanding based on the work sample, and (e) describe what questions or problems they would use to gain further insight into the student's understanding. Using a scoring guide that was shown to yield reliable scores (exact agreement exceeded 85% for all items), two trained readers with experience in teaching mathematics independently scored teacher responses. When discrepancies occurred, the readers discussed their scores before reaching a consensus score. The scoring guide employed the following 4-point scale:
does not meet expectations 1.
partially meets expectations 2.
meets expectations 3.
exceeds expectations 4.
Teacher logs. We designed the teacher logs to capture information about teachers' day-to-day pedagogical practices. We administered the teacher logs twice--once in the first week of the course and once in final week of the course. During each administration, teachers completed three logs, each of which consisted of a series of instructional strategies similar to those explored in the course. For each strategy, teachers were asked to indicate whether the strategy was (a) not used at all, (b) a minor component of the lesson, (c) a major component of the lesson, or (d) the most important component of the lesson. We then averaged the ratings provided for each activity across the logs recorded for each week.
Student survey. To help triangulate data provided by teachers via the pedagogy survey and the teacher logs, we asked teachers to administer a survey to students in their algebra classrooms. A total of 2,682 student surveys were received from algebra classrooms for 145 teachers for the precourse administration, and 2,125 student surveys were received from algebra classrooms for 125 teachers for the postcourse administration. The survey items asked students to indicate the frequency with which they engaged in specific learning activities (e.g., performing worksheets individually, working with partners to solve problems, sharing solutions with their class, etc.) and how often their teacher employed specific instructional strategies (e.g., asking students to explain how they solved a problem, showing students how to solve a problem, asking students to respond to each others work, etc.). All items were forced-choice and were used to form scales that represent the degree to which students reported that they engaged in student-centered activities and in teacher-directed activities. A 4-point scale was employed for these items:
almost always 1. most of the time 2.
once in a while 3. never 4.
Hence, a low score for a given item indicated more frequent use of the given instructional strategy.
Course evaluation. We designed the course evaluation to collect information from teachers about the positive and negative aspects of the course. We administered the course evaluation only as a postmeasure.
FINDINgS
The primary research question examined in this study asked whether the four conditions that differed in the types and amounts of support provided to course participants affected teachers' mathematical understanding, their pedagogical beliefs, and their instructional practices. To this end, the majority of analyses we conducted for this study focused on comparing the effect of the four versions of the course on these three outcomes. To provide a better understanding of characteristics of the study participants, we first report descriptive statistics for several items on the background survey.
Characteristics of Study Participants
The majority of the participants were female (70%). Forty-eight percent indicated that they were younger than 40 years old. Twenty-nine percent of teachers indicated that they had been teaching for fewer than 5 years, 26% had taught for 5-10 years, 12% taught 10-15 years, and 29% taught for more than 15 years. Twenty-four percent of the participants had a college major in mathematics, 13% minored in mathematics, and 59% did not have undergraduate focus in mathematics. Sixty percent of participants had obtained a master's degree. Finally, 34% of participants had taken an online course previously. Although there were subtle differences among the groups on each of these demographic variables, none of the differences was statistically significant.
Completion Rate
Of the 231 participants who agreed to participate in the study, 46% dropped out of the course prior to completing all assignments and the required data-collection instruments. Analysis of those who dropped out of the study indicates that a larger percentage of participants dropped out of the highly supported group (53%) than the facilitated peer support (41%), instructor support only (45%), or no support (44%) groups. These percentages of participants dropping out of the course, however, did not differ significantly among the four conditions. Copyright The characteristics of those who dropped out also did not differ among the four treatment groups. The vast majority of dropouts were between the ages of 35 and 50. In addition, teachers who reported that they minored or majored in mathematics, were certified to teach mathematics, or were frequent computer users were more likely to complete the course. Follow-up surveys with the dropouts indicated that a large percentage were unable to complete the course due to personal (divorce, moving, death in the family) or health issues within their families involving themselves, their children, or their parents. A smaller number of dropouts indicated that they found the time requirements of the course too demanding on top of the time required by their teaching and family obligations. A very small percentage indicated that persistent problems with technology made it too difficult for them to complete the course. Similar high dropout rates have been reported in other studies on online courses for educators, and Diaz (2002) discusses the reasons this might be the case, including participants experiencing technical problems, course content not matching perceived needs, and limited time due to other professional and family demands.
Use of Discussion Boards for Peer Interactions
In the two conditions that had a discussion board available for peer interactions, results show that the participants used them often. Table 4 displays the number of messages posted within each cohort for each session of the course. Throughout the course, the average number of messages per person for each cohort was: 38.9, 40.3, 37.6, and 44.6. An informal analysis showed that the large majority of the messages were directly relevant to the course content. 
Quality of the Online Course
Overall, participants rated the course to be of high quality. All groups reported that the assigned readings were valuable, that interactions with facilitators were helpful, and that they learned more from the course than they did from university and college courses they had taken previously. For nearly all items on the survey that asked about specific aspects of the course, mean ratings fell between valuable and very valuable.
To examine whether participants in each of the four versions had similar views about the course, we conducted an ANOVA for each item on the end-ofcourse evaluation. Adjusting for multiple comparisons, we found a statistically significant difference for two items. The fist item asked, "How valuable was reflecting in learning logs in the course?" Post-hoc comparisons revealed that participants in the Instructor Support Online condition indicated that the logs were more valuable than did those teachers in the groups that had access to peer interactions via a discussion board. Given that teachers in the peer interactions groups were encouraged to record and discuss their thinking in the discussion board, it is logical that they would then find the learning log, in which they recorded similar thoughts, less valuable than did teachers who did not have access to a discussion board.
The second item asked, "How valuable was interaction with facilitators in the course?" Post-hoc comparisons showed that participants in the No Support condition rated the value of interactions with facilitators lower than did teachers in all other groups. Given that the coordinator for this condition was instructed not to have extended interactions with participants, did not have content knowledge expertise, and provided only short comments stating that a submitted assignment met the requirements for the course, it is not surprising that teachers in the No Support condition rated the value of interactions with the facilitator significantly lower than did teachers in the three other groups.
Changes in pedagogical beliefs. We designed the pedagogy survey to collect information about teachers' pedagogical beliefs and practices. We administered the survey pre-and postcourse, and used the data to examine changes in teachers' beliefs and practices that followed their participation in the course. Each of the seven scales was standardized to have a mean of 0 and a standard deviation of 1. A comparison of precourse mean scores for each scale indicated that there were no significant differences among groups prior to the start of the course. Table 5 displays the mean scale scores for all participants for the pre-and postcourse administrations. The column labeled Post-pre displays the change in mean score between the precourse and postcourse administrations. As seen in Table 5 , after adjusting for multiple comparisons, there were significant changes in teachers' responses between the pre-and postcourse administration for five of the seven scales (effect sizes for significant changes ranged from .47 to .86). Specifically, teachers' confidence in teaching mathematics, student-centered beliefs, belief that students should "do" the learning, and confidence in their mathematics knowledge and skills all experienced significant increases. The value placed on teacher-centered instructional practices experienced a significant decrease.
To examine whether changes in scale scores differed among the four groups, an ANOVA with post-hoc comparisons was conducted. No statistically significant differences were found among conditions in the amount of change for any of the pedagogical belief scales. That is, the increases appear to be comparable across conditions.
Changes in instructional practices. Teachers completed three teacher logs prior to the course and three logs following the completion of the course. As described above, the logs asked teachers to indicate the extent to which each type of activity was a component of the logged lesson. A comparison of precourse responses indicated that there were no statistically significant differences among groups prior to the course. Of the 23 instructional activities or behaviors included in the log, 10 items saw significant changes in the reported importance prior to and following the professional development course. As seen in Table  6 , following the course, teachers reported decreases in having students work on or review homework during class, demonstrating concepts to the whole class, and addressing routine or textbook-based problems. Teachers reported increases in asking students to make conjectures, presenting an answer in words, asking follow-up questions to student responses, having students work in pairs or small groups, having students respond to each other, having students debate ideas or explain their reasoning, and having students work together on more extended complex problems. These changes are consistent with the intended effects the course was designed to have on instructional practices, suggesting that the course was effective in influencing teachers' practices.
To examine whether changes in practices differed significantly among the four versions of the course, we conducted an ANOVA for each item. There was a significant difference among groups for only one item. This item focused on the extent to which teachers reported leading whole-class discussions (but not presenting information to the whole class). For this item teachers in the No Support condition reported very little increase in this practice, whereas teachers in the three other conditions reported moderate increases. When we made adjustments for multiple comparisons, the difference among groups for this item was no longer statistically significant. Thus, based on teachers' instructional logs, all four versions of the course had similar effects on teachers' practices. Student survey results. Prior to and following the professional development course, teachers administered a survey to their students that focused on instructional and learning activities students engage in during class. Table 7 (page 460) presents the items for which statistically significant changes (adjusting for multiple comparisons) in student responses occurred, whereas those items for which changes did not occur can be seen on the student survey available at the URL referenced above. Of 16 items presented to students, significant changes in student responses between the pre-and postcourse administrations occurred for six items. Two of these items-copying notes from the board and practicing problems similar to those the teacher shows students how to solve-saw significant decreases in reported use. Students reported increases in being asked to explain how they got their answers to problems, in working on math problems with classmates in class, in their teacher trying to understand a student's approach to a math problem, and in working on an extended math problem during class. All of these changes are consistent with those reported in the teacher logs and with the intended effects of the course on teacher's instructional practices. As students were unaware of the content of the course in which their teacher participated, the converging results in the student survey data provide confirmatory evidence regarding the accuracy of the teachers' self-reports about change in their practices.
To examine whether changes in the instructional practices and activities that students reported experiencing or engaging in differed among groups, we conducted an ANOVA for each of the 16 student survey items. No significant differences were found among groups for any of the student survey items. This suggests that the changes in instructional practices and learning activities reported by students were similar across all four versions of the course.
Math assessment. To examine the effect that participation in the online professional development course had on teachers' knowledge of teaching mathematics, teachers completed a pre-and postcourse math assessment that required them to analyze three samples of student work. Table 8 (page 461) displays the mean standardized total scores awarded across all teachers for the pre-and postcourse test administration. A comparison of precourse scores indicate that there was a statistically significant differences among groups for the set of items that focused on Patterns, with Group 3 performing better than the other groups prior to the course. There was not a statistically significant difference among groups for the Function item set. It is important to note that the Pattern item set is the only measure for which a statistically significant difference was detected among groups prior to the course across all measures collected for this study.
As seen in Table 8 , scores increased on both tests for all teachers. With the exception of the function test score for Group 2, mean test scores also increased within each group on both tests. Only two score increases, however, were statistically significant, the mean Patterns test score for all participants (effect size = .46) and the mean Patterns test score for Group 2 (effect size = .78).
To examine whether changes in test scores varied among groups, we conducted an ANOVA for both the Pattern and Function test scores. No statistically significant differences in test score changes occurred among the four groups. 
DISCUSSION AND SUmmARY
The study presented here examined the effect that different levels and types of supports for an online professional development course had on the intended learning outcomes. In the Highly Supported condition, participants worked through course readings and assignments as a group, were required to interact with their colleagues via a discussion board, and received support from both a content expert instructor and an online learning facilitator. In the Facilitated Peer Support condition, participants worked through the course as a group, interacting with each other via a discussion board, with process guidance from an online facilitator who did not have expertise in mathematics education instruction. In the Instructor Support Only condition, participants worked through the course material at their own pace and were not able to interact with other participants, although they did have interactions with both a mathematics instructor and an online facilitator. Finally, in the No Support condition, participants worked through the course at their own pace, were not able to interact with other participants, and had minimal interactions with a coordinator who did not have content expertise. Overall, the course yielded positive effects on the intended outcomes across all four conditions. On average, teachers' pedagogical beliefs shifted to become less teacher directed and more student centered. Teachers strengthened their belief that students could do their own learning and became more confident in their mathematical skills and ability to teach mathematics. As reported by both teachers and their students, teachers' instructional practices also shifted in intended ways. On average, teachers decreased the use of worksheets and shorter problems. In addition, teachers increased the frequency with which they asked students to explain their thinking, write about mathematics, work with peers on extended problems, and discuss strategies for solving mathematical problems. Teachers also experienced some increases, albeit less pronounced, in their knowledge of mathematics teaching. On average, teachers' scores on the mathematics Pattern test increased significantly. Increases on the Function test, however, were not statistically significant. Overall, the results show that the 8-week online course was successful in enabling participants to achieve the defined learning goals, as was found in the prior study.
However, we also found that the unexpected outcome from the prior study was replicated, even with the addition of a stronger contrast between the Highly Supported and No Support conditions. As in the prior study, the positive effects of the course did not vary across support conditions. For the mathematics test, the pedagogical beliefs survey, the student survey, and the instructional logs, we found no significant differences among the four versions of the course. In addition, despite the dramatic difference in the supports available across conditions, teachers' ratings were generally consistent across the four versions. The two items for which responses differed significantly are easily explained: (a) Teachers who had peer interactions available found the individual learning logs less useful than those who did not have peer interactions available, as the use of these logs was somewhat redundant with the peer exchanges via the discussion board, and (b) Teachers in the No Support condition found interactions with the facilitator less valuable than teachers in all other versions of the course, as the types of interactions in which the facilitator engaged were intentionally limited in this condition.
The similarity of effects across the four versions is surprising given the emphasis in the literature on the importance of interactions among participants in online courses. Although substantial interaction occurred in the two highinteraction versions of the course, absolutely no interaction among participants occurred in the two low-interaction versions of the course. Yet the outcomes were nearly identical. Similarly, the literature emphasizes the importance of facilitation, but our results showed no differences in learning outcomes between conditions that were highly facilitated by both a content expert and an online learning facilitator and those that lacked one or both of these types of support. Given the large differences in the level of interactions among participants and the level of facilitation, these findings are particularly surprising. Moreover, the findings suggest that when a course is well designed and employs high-quality reading material and learning activities, the high levels of facilitation or interactions among participants may not be necessary to produce positive effects on teachers' pedagogical beliefs, instructional practices, and, to a lesser extent, understanding of mathematics teaching.
Although these findings replicate those from a prior study, they must be placed in the context of the study's limitations. First, the study focused on only one course delivered only to middle school mathematics teachers. Had a different course that focused on different types of teachers or different content been employed, the outcomes may have been different.
Second, all conditions of the course experienced considerable attrition. On average, 46% of the teachers who began a course did not finish the course or the required data-collection instruments. The fact that nearly half of the teachers did not complete the course may mean that the course either did not meet their needs or was too challenging for them. Although the characteristics of teachers who dropped out of the course did not differ among the four conditions, it is plausible that had these teachers persisted, different findings may have resulted.
Third, the course employed for this study was well designed and employed high-quality learning materials and activities. In addition, the course lasted for 8 weeks. For a course that is shorter in length or that employs materials of a lower quality, interactions among participants and the amount and type of facilitation may provide valuable supplemental opportunities for learning. Thus, had this study employed a shorter course or a course that employed lower-quality materials and activities, different findings may have resulted.
Fourth, it is possible that the data-collection instruments were not sensitive enough to detect subtle differences in changes that occurred among groups in participants' beliefs, practices, and understanding. However, it is important to note that the instruments were sensitive enough to detect changes that occurred between the period when the instruments were completed prior to the course and following the course. Given that these changes were detected, it seems unlikely that a lack of instrument sensitivity is a plausible explanation for why changes among groups were not detected.
Finally, all of the participants in this course were volunteers who were likely to be highly motivated individuals who were sincerely interested in developing their algebraic teaching skills. In many cases, however, participation in professional development is required by a school or district. In such cases, some teachers may be less motivated and engaged in the learning. If presented with a self-paced version of the course, some of these teachers might be unmotivated to complete the reading and activities and may make a minimal effort when completing assignments. The resulting effects of the course might then be smaller.
Despite these limitations, this study provides preliminary evidence that a well-designed online course designed as a self-study with minimal interactions may be as effective as one that is highly interactive with both instructors and peer participants. Future studies may wish to explore this issue using different courses, content areas, and methods of recruiting teachers. Specifically, rather than recruiting teachers by asking them to volunteer to participate in the study, the potential effect of motivation might be limited by recruiting multiple school systems that want to implement professional development for all teachers and then manipulate conditions across teachers who are required to participate in the program. In addition, it would be informative to examine how the effects on the intended learning outcomes found in this study compare to the effects that occur in a face-to-face delivery format. It is clear, however, that an OPD course can have very positive effects on teachers' knowledge, pedagogical beliefs, and instructional practices, and that the magnitude of these effects may be invariant across different levels of facilitation and interactions when a course is well designed and employs high-quality learning materials.
